Catenisphaera adipataccumulans gen. nov., sp. nov., a member of the family Erysipelotrichaceae isolated from an anaerobic digester Institute for Geo-Resources and Environment, AIST, 1-1-1 Higashi, Tsukuba, Ibaraki, Japan
Members of the family Erysipelotrichaceae in the phylum Firmicutes were once regarded as clostridia and relatives related to members of the order Mycoplasmatales (Collins et al., 1994) . In 2004, the family Erysipelotrichaceae was established with Erysipelothrix as the type genus, and the Clostridium subphylum clusters XVI, XVII and XVIII were placed in this family (Verbarg et al., 2004) . At the time of writing the family consists of the following thirteen genera: Allobaculum (Greetham et al., 2004) , Bulleidia (Downes et al., 2000) , Catenibacterium (Kageyama & Benno, 2000a) , Coprobacillus (Kageyama & Benno, 2000b) , Eggerthia (Salvetti et al., 2011) , Erysipelothrix (Skerman et al., 1980; Takahashi et al., 1987; Migula, 1990; Verbarg et al., 2004) , Faecalicoccus (De Maesschalck et al., 2014) , Faecalitalea (De Maesschalck et al., 2014) , Holdemanella (De Maesschalck et al., 2014) , Holdemania (Willems et al., 1997) , Kandleria (Salvetti et al., 2011) , Solobacterium (Kageyama & Benno, 2000c) and Turicibacter (Bosshard et al., 2002) .
A phylogenetic analysis based on 16S rRNA gene sequences revealed that a number of species assigned to the genera Clostridium, Eubacterium, Lactobacillus and Streptococcus were actually contained in the family Erysipelotrichaceae and that these organisms were in need of taxonomic reconsideration (Stackebrandt, 2009) . In 2011, two of the misplaced organisms in this family were reclassified in novel genera, Eggerthia and Kandleria (formerly Lactobacillus catenaformis and Lactobacillus vitulinus) (Salvetti et al., 2011) . Recently, another three organisms were also reclassified in novel genera, Faecalicoccus, Faecalitalea and Holdemanella (formerly Streptococcus pleomorphus, Eubacterium cylindroides and Eubacterium biforme) (De Maesschalck et al., 2014). At the time of writing, the other six species belonging to the genera Clostridium and Eubacterium have continued to be included as members of the family Erysipelotrichaceae.
Previously, we reported on the isolation of a bacterium, designated strain GK12 T , and its unique physiological characteristics: a high tolerance and adaptation to butanol and the intracellular accumulation of free long-chain fatty acids (Kanno et al., 2013; Katayama et al., 2014) . A phylogenetic analysis based on the 16S rRNA gene sequence indicated that strain GK12
T obviously belonged to the family Erysipelotrichaceae but was distant from other members of this family (Katayama et al., 2014) . Phenotypic, phylogenetic and chemotaxonomic methods were used to characterize strain GK12
T and on the basis of these results we propose a novel species and genus in the family Erysipelotrichaceae to accommodate this isolate.
Strain GK12
T was obtained from the residue of a methanogenic reactor for food waste treatment in Fukagawa, Hokkaido Prefecture, Japan. Sample collection and isolation were performed as described by Kanno et al. (2013 . The trace elements solution was based on medium 318 of DSMZ (1983) with elimination of NaCl. The vitamin solution was based on the vitamin mixture in medium 141 of DSMZ (1983) with the modification that all seven components were mixed at a concentration of 20 mmol l
21
. The cell cultures were grown under an atmosphere of N 2 /CO 2 (80 : 20, v/v) at 40 u C unless indicated otherwise.
The 16S rRNA gene sequence of strain GK12
T was determined previously (Katayama et al., 2014) . The sequence was aligned with its relatives using the Mothur software package (Schloss et al., 2009 ) with reference to the SILVA database (Pruesse et al., 2007) . Neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) trees were reconstructed as described previously (Takeuchi et al., 2014) .
Cell morphology in the late exponential growth phase was examined under a phase-contrast microscope (AX80; Olympus) and a transmission electron microscope (H-7600; Hitachi). Samples used for transmission electron microscopy were treated as described previously (Katayama et al., 2014) . Gram staining was performed according to the protocol of Tamaki et al. (2003) . Cell growth was determined on the basis of an increase in optical density at 600 nm. Assimilation of carbohydrates was tested using a medium containing 10 g l 21 each carbohydrate as the main carbon source; this medium also contained 2 g yeast extract l 21 on account of its requirement for growth. Catalase and cytochrome oxidase activities were determined by bubble formation in 3 % (v/v) H 2 O 2 solution and by use of an oxidase test paper (Nissui Pharmaceutical), respectively. Other biochemical and enzyme activities were tested using API ZYM and rapid ID 32 A (bioMérieux) test strips according to the manufacturer's instructions. Fermentation products in the liquid and gas phases were analysed using HPLC with conductive detection (LC-20A; Shimadzu) and GC with flame-ionization detection (GC-2014; Shimadzu), respectively. Sensitivity to antibiotics was determined by growth in the presence of the following compounds (50 mg l 21 ): ampicillin, chloramphenicol, kanamycin, neomycin, rifampicin and vancomycin.
Crude lipids of cells grown at 37 u C were extracted by using the method of Bligh & Dyer (1959) . Polar lipids, including phospholipids, were separated from free fatty acids by TLC, and were subsequently methanolysed. The fatty acid methyl esters were analysed using GC-MS as described previously (Katayama et al., 2014) . For the identification of phospholipid species, crude lipid extracts were analysed by twodimensional TLC using HPTLC Silica gel 60 plates (Merck Millipore). Chloroform/methanol/7 M ammonium hydroxide (65 : 25 : 4, by vol.) and chloroform/methanol/acetic acid/water (170 : 25 : 25 : 2, by vol.) were used for the first and second direction of development, respectively (Nichols & James, 1964) . Each spot was identified by spraying with primuline reagent (for all lipids; Katayama et al., 2014), Dittmer-Lester reagent (for phospholipids; Dittmer & Lester, 1964) , Dragendorff reagent (for choline-derived lipids; Sigma-Aldrich), naphthol reagent (for glycolipids; Jacin & Mishkin, 1965) and ninhydrin reagent (for aminolipids; Wako). Spots corresponding to phospholipids were scraped off the plate and subsequently analysed by onedimensional TLC together with authentic standards (Sigma). Presence of diaminopimelic acid in the cell wall was determined by TLC. Whole-cell sugars and amino acid composition of murein were determined using HPLC (L-2000; Hitachi) and an automatic amino acid analyser (L-8900; Hitachi) according to the method of Komagata & Suzuki (1987) . DNA G+C content of strain GK12
T was determined by HPLC with a UV detector (LC-6A; Shimadzu) as described previously (Kamagata & Mikami, 1991) .
A phylogenetic analysis based on the 16S rRNA gene sequence revealed that strain GK12
T should be assigned to the Clostridium subphylum cluster XVI in the family Erysipelotrichaceae (Fig. 1) . The Clostridium subphylum cluster XVI was clearly distant from the species of the genus Erysipelothrix, the type genus in this family, and formed a distinct clade, which was supported by a high bootstrap value. Within this subphylum cluster, five type strains, representing Allobaculum stercoricanis, Faecalicoccus acidiformans, Faecalicoccus pleomorphus, Faecalitalea cylindroides and Holdemanella biformis, formed a tight cluster together with strain GK12 T (Fig. 1 stercoricanis DSM 13633 T (86.5 %). These low sequence similarities of strain GK12
T with the described species (,92 %) were most likely sufficient to warrant the proposal of a novel genus and species in the family Erysipelotrichaceae.
Cells of strain GK12
T were non-motile and spherical (0.5-0.7 mm in diameter) and commonly occurred in chains (Fig. S1 , available in the online Supplementary Material). Spore formation was not observed, and the Gram-stain results were positive. Cell growth occurred at 30-50 u C but not at 25 u C or 55 u C. The pH range for growth was pH 5.5-8.5. Optimum growth occurred at 40 u C and at pH 7.5. Strain GK12
T did not grow in the presence of oxygen (20 %, v/v, in the gas phase). The following substrates were used as energy and carbon sources: fructose, glucose, mannose, ribose, maltose, sucrose, mannitol and sorbitol. The following substrates did not support significant growth: arabinose, galactose, xylose, cellobiose, lactose, trehalose, inositol, starch, aesculin and gelatin. Yeast extract was required for growth (2 g l
21
). Catalase and cytochrome oxidase tests were negative. In API tests, strain GK12 T showed positive enzymic activity for acid phosphatase, alkaline phosphatase and naphthol-AS-BI-phosphohydrolase.
The end products of glucose (1 mol) fermentation were lactate (0.9 mol), acetate (0.05 mol), butyrate (0.03 mol), formate (0.02 mol), hydrogen (0.1 mol) and carbon dioxide. As reported previously (Katayama et al., 2014) , strain GK12 T did not utilize the following electron acceptors (5 mM each): nitrate, sulphate, or Fe(III) nitrilotriacetate. The strain was sensitive to ampicillin, chloramphenicol, neomycin and vancomycin, but resistant to kanamycin and rifampicin.
The membrane fatty acids of strain GK12
T were C 14 : 0 (25.2 %), C 16 : 0 (8.3 %), C 18 : 0 (3.5 %), C 14 : 0 1,1-dimethoxyalkane (DMA) (13.0 %), C 16 : 0 DMA (28.0 %) and C 18 : 0 DMA (22.0 %). DMAs have previously been found in Holdemania filiformis, which belongs to this family (Willems et al., 1997) . The polar lipid profile of strain GK12 T contained phosphatidylglycerol, phosphatidylinositol and one unidentified phospholipid (Fig. S2) . Galactose, rhamnose and ribose were detected as the whole-cell sugars of strain GK12 T . Diaminopimelic acid was absent in the cell wall. In addition, the purified murein contained alanine, glutamic acid, lysine, serine and threonine in a molar ratio of 2.4 : 1.0 : 0.9 : 0.4 : 1.5, respectively. Members of some genera of the family Erysipelotrichaceae contain the group B type of 
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International Journal of Systematic and Evolutionary Microbiology 65 peptidoglycan (Stackebrandt, 2009) . Members of the genera Erysipelothrix (Schubert & Fiedler, 2001; Verbarg et al., 2004) and Holdemania (Willems et al., 1997) in this family were previously reported to possess murein type B1d. The B1d type of murein includes alanine in the peptide subunit without diaminopimelic acid (Schleifer & Kandler, 1972) , which was consistent with the results for strain GK12 T . However, threonine was detected in the novel isolate as an essential component but was not found in the above species. Strain GK12
T most likely has a new type of murein different from the hitherto type of B1d. The G+C content of genomic DNA was 47.7 mol% (SD 0.09 mol%).
On the basis of the phenotypic, phylogenetic and chemotaxonomic properties, we propose that strain GK12
T represents the type strain of a novel species in a new genus in the family Erysipelotrichaceae, with the name Catenisphaera adipataccumulans gen. nov., sp. nov. The novel species and other members of this family possess several physiological features in common: they undergo mesophilic growth, lack motility, test negative for catalase, and are fermentative anaerobes that produce lactic, acetic or butyric acids as end products (Stackebrandt, 2009) . However, strain GK12
T has some unique characteristics that differentiate it from the five closely related species, A. stercoricanis, Faecalicoccus acidiformans, Faecalicoccus pleomorphus, Faecalitalea cylindroides and Holdemanella biformis, in Clostridium subphylum cluster XVI (Table 1) . The strain shows a higher DNA G+C content (47.7 %) than all the other species (,41 %). The presence of DMA and the absence of branched-chain and unsaturated fatty acids are found only in strain GK12
T . The cell walls of this strain contain type B murein, whereas A. stercoricanis has type A. The various biochemical characteristics of strain GK12
T are also different (Table  1) . By these clear differential characteristics and the low 16S rRNA gene sequence similarities of less than 92 %, this novel strain can be easily differentiated from other related genera of the family Erysipelotrichaceae. In addition, there was an obvious difference in the isolation source between strain GK12
T and its relatives: the novel strain was isolated from an anaerobic digester, whereas other members of this family have been isolated from the gastrointestinal tracts or faeces of animals, including humans (Stackebrandt, 2009 ).
Description of Catenisphaera gen. nov. Catenisphaera (Ca.te.ni.sphae9ra. L. fem. n. catena chain; L. fem. n. sphaera sphere; N.L. fem. n. Catenisphaera a chainforming spherical cell).
Obligately anaerobic, Gram-positive staining, non-motile, non-spore-forming, mesophilic, spherical cells that usually occur in chains. Major end product from glucose fermentation is lactate. No anaerobic respiration with nitrate, sulphate or Fe(III) is observed. C 14 : 0 , C 14 : 0 DMA, C 16 : 0 DMA and C 18 : 0 DMA are major fatty acids (.10 % of total). Polar lipids include phosphatidylglycerol, phosphatidylinositol and one unidentified phospholipid. Whole-cell sugars consist of galactose, rhamnose and ribose. Cell-wall murein belongs to B1d type, containing alanine, glutamic acid, lysine, serine and threonine, but not diaminopimelic acid. DNA G+C content of the type strain of the type species is 47.6-47.8 mol%. The genus Catenisphaera is a member of the family Erysipelotrichaceae (Clostridium subphylum cluster XVI). The type species is Catenisphaera adipataccumulans.
Description of Catenisphaera adipataccumulans sp. nov.
Catenisphaera adipataccumulans (a.di.pat.ac.cu9mu.lans. N.L. n. acidium adipatum fatty acid; L. part. accumulans accumulating; N.L. part. adj. adipataccumulans fatty acidaccumulating).
Shows the following characteristics in addition to those given for the genus. Cells are 0.5-0.7 mm in diameter. Grows at 30-50 u C (optimally at 40 u C) and at pH 5.5-8.5 (optimally at pH 7.5). The major fatty acids (.10 % of total) are C 14 : 0 , C 14 : 0 DMA, C 16 : 0 DMA and C 18 : 0 DMA. Fermentation from fructose, glucose, mannose, ribose, maltose, sucrose, mannitol and sorbitol, but not from arabinose, galactose, xylose, cellobiose, lactose, trehalose, inositol, starch, aesculin or gelatin. Yeast extract is required for growth. Catalase and oxidase are negative. Tests for enzyme activities by use of API ZYM and rapid ID 32 A show positive reactions with acid phosphatase, alkaline phosphatase and naphthol-AS-BIphosphohydrolase, but not with esterase (C4), esterase lipase (C8), lipase (C14), alanine arylamidase, arginine arylamidase, cysteine arylamidase, glutamyl glutamic acid arylamidase, glycine arylamidase, histidine arylamidase, leucine arylamidase, leucyl glycine arylamidase, phenylalanine arylamidase, proline arylamidase, pyroglutamic acid arylamidase, serine arylamidase, tyrosine arylamidase, valine arylamidase, arginine dihydrolase, glutamic acid decarboxylase, 6-phosphobgalactosidase, trypsin, a-chymotrypsin, a-fucosidase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, b-glucuronidase, a-mannosidase, N-acetyl-b-glucosaminidase or urease. Sensitive to ampicillin, chloramphenicol, neomycin and vancomycin, but resistant to kanamycin and rifampicin.
The type strain is strain GK12 T (5NBRC 108915 T 5DSM 25799 T ), which was isolated from a methanogenic reactor fed with food waste. The G+C content of the DNA of the type strain is 47.7 mol%.
